THIS paper represents an attempt to give some indication as to the part that vestibular sensations may be supposed to play in the mechanism by which space is perceived. Two lines of inquiry are at our disposal: the study of the effects of excitation of the vestibular apparatus on spatial perception, and the study of the effects of destruction.
The Vestibule and the Perception of Space.
By F. L. GOLLA, M.D. THIS paper represents an attempt to give some indication as to the part that vestibular sensations may be supposed to play in the mechanism by which space is perceived. Two lines of inquiry are at our disposal: the study of the effects of excitation of the vestibular apparatus on spatial perception, and the study of the effects of destruction.
The first method permits of treatment in two ways: the vestibule may be experimentally excited, or the effects of pathological irritation inay be studied. The experimental excitation of the labyrinth may be effected either by the galvanic current, by the temperature method that has been popularized by Barany, or by rotation. The two first methods are of little service for the purpose under consideration, as they neither admit of determination of the plane in which vestibular stimulation is to take place. Hence the method of excitation by rotation has been alone adopted, and the visual factor eliminated by performing all the experiments on blindfolded patients.
As is well known, rotation on a turning stool is followed on its cessation by a subjective sense of rotation in the opposite direction. This subjective sense of rotation, or after-effect, is felt with much greater intensity than the original movement, of which only the initial positive and final negative changes of angular velocity are really appreciable. When the subject is in the erect position, the head being suitably fixed so that the axis of the revolving seat passes through the long axis of his body, the after-effect on cessation of rotation appears to be in the horizontal plane. When the subject is shifted slightly in his seat and the head inclined laterally till the axis of the chair passes through both ears, it will be found that, supposing the right ear to have been uppermost, the after-effect on rotating the stool in the clockwise direction has the apparent direction of a downward movement on the part of the body, and on rotating the chair anticlockwise the after-effect represents an upward movement. With the left ear uppermost, the relations of upward and downward sensations to the direction of rotation are reversed. These after-sensations are much more disagreeable than those elicited in the horizontal plane, and if care be not exercised the patient will fall out of the chair during the attack of vertigo. If the head be inclined at an angle midway between the vertical and the lateral positions, the after-sensation is a combination of upward and lateral, or of downward and lateral subjective movement, according to the side towards which the head is inclined and the direction of rotation of the chair.
It is not necessary to discuss here the cause of these after-effects at any length. I regard them as having nothing in common with the negative after-image which can be produced by visual stimulation. They are of greater intensity than the original sensation, the only consciousness of which we obtain, providing the chair be on frictionless bearings, at the moment of the initial acceleration of angular velocity, and the final negative acceleration when the chair is stopped. Durinlg rotation the subject is frequently unconscious of any motion, and asks the operator if the chair has stopped. Without entering into a discussion of theories of vestibular action, it would appear as if the aftersensation were due to a disturbance of the normal relation between position of the head and vestibular sensation due to a dislocation through the previous rotation of the stimulating forces in the ampulla. Whilst, however, we are unconscious of movement during rotation, I think that in the light of the experiments of Stein, on the apparent displacement of the vertical during rotation in a closed box there can be no doubt that excitation of the labyrinth which does not reach the limen of consciousness is proceeding throughout rotation. The accuracy with which the extent of rotation through a small angle is judged with closed eyes is another point in favour of this view.
The chair used for the experiments (see figure) was made in the physiological laboratory of the University of London, where the majority of the experiments here detailed were conducted. It was mounted on practically frictionless ball bearings and provided with a movable clamp for fixing the head in any desired position. It could be propelled with fair accuracy by hand, but in the later experiments a small electric motor sufficiently powerful to start the chair at once at the desired speed was used. By this means alterations in the angular velocity during the rotation were avoided. I have not endeavoured, on account of the great experimental difficulties, to produce after-effects by checking movement in the straight line. That such after-effects occur, though only of momentary duration, was noted by Abels 1 as a slight negative subjective movement when a train is rapidly stopped. I can confirm this from personal observation, but these after-effects are of very feeble intensity and rapidly suppressed, presumably owing to long-acquired habit, much as the ballet dancer learns to suppress the vertigo from pirouetting. In the vertical plane Mach 2 obtained some doubtful after-effects of momentary duration, experimenting with an apparatus resembling a Rotating chair with screen fixed in position for projection. large Attwood machine. Had he, instead of this, made a descent by the lift of a fairly deep coal-mine, he would have had no doubts as to the reality of the neaative after-effect, which is of considerablc intensity and duration.
Abels, "Nachempflndung im Gebiete des kin'sthetischen statischen Sinnes," Zeitschr. f. Psychol., Le'pz., 1906, xlii, 1 Abt., pp. 268-83. In order to determine the knowledge of the spatial relations of the area immediately surrounding the body, the subject was placed with his eyes shut before a screen of paper ruled in millimetre squares. After being allowed to look at the screen he was then told to close his eyes and imagine his image projected on the screen as in a mirror and to touch with his forefinger a point on the imaginary image corresponding to a point touched on his person by the observer. The points indicated by him on the paper screen were marked with a pencil, and their relation to the spot on the screen really opposite to that touched on the body of the subject was noted. In order to bring all the ideal corresponding areas to be touched on the screen within easy reach of the arm, only the areas opposite to the face, thorax, and upper portion of the abdomen were investigated. A large number of normal people were examined, and the results obtained show curious variations in the accuracy of projection. The mid-line was invariably indicated with great accuracy. It would appear that the mesial plane of space is the only one that is accurately known. The projection of parts of the body touched laterally to the mid-line differed to a great degree in various subjects. Thus the distance between the two eyes was recorded by different subjects as being between 8 cm. to 30 cm. In other words, some subjects represented the face as subtending two or even three times the area projected by others on the screen. In all cases the two sides of the face or body were fairly symmetrically recorded, and the fact that the same spot touched at intervals was recorded on the screen with but little deviation from the original projection suggests that the variations are due to different conceptions of the area of space subtended and not by deficient muscular sense. The size of the projected image does not appear to bear any direct relation to the distance of the screen from the subject, though when the screen was removed to nearly full arm's length the accuracy of the projection was, as might be expected, considerably impaired.
The subject was now seated on the rotating chair, and the screen clamped in front of him to the two arms of the chair. With the eyes closed the points on the face touched were projected on the screen. The head was fixed in position by the clamp and the chair rotated in one or other direction at uniform speed. After thirty revolutions with an angular velocity of about 360°per five seconds, the chair was stopped, and the spots previously projected were again touched and the patient asked to project them on the screen. Naturally, after cessa-tion of the rotation the negative after-vertigo set in. The subject now localized the points touched on the screen towards the side from which he had been rotated, and in extreme cases the error was as much as 3 ft. from the true. Gradually, as the vertigo passed off, the projection approached more and more to the true position, and in a few cases after coinciding with the pre-rotatory localization a positive after-effect appeared, and the projection was carried for a short time slightly over to the side towards which the subject had been rotated. Now since vision does not enter into consideration, the only other sensory factors that could be responsible for the erroneous projection are the muscular sense and the vestibule from which the vertigo has origin. That the muscular sense was unimpaired could easily be shown by asking the patient to touch on his own person any spot previously touched by the observer, and in no case was any abnormality in the shape of sensory ataxy observed after rotation. The subject was therefore aware of the position of his head in relation to his hands, but his notion of the relation of external space to his body had been disturbed, and the direction of the disturbance was determined by the mode of stimulation of his vestibuilar sensations effected by the rotation.
In order to produce disturbance of space perception in the vertical plane the head was fixed in the clamp so that the axis of the chair passed through the two ears. After rotation the head was straightened and the patient again asked to project on the screen. If with the right ear uppermost the chair was rotated clockwise, the error of projection was in the upward direction, and the patient felt himself to be moving upwards and backwards; if the rotation were anticlockwise, the projection was downwards, and the patient felt himself to be moving downwards and forwards. The exact converse of these two effects was obtained when the patient was rotated clockwise and anticlockwise with the left ear uppermost. When vertical projection was disturbed, that in the horizontal plane was unaffected, when horizontal projection was disturbed the vertical was unaffected. By inclining the head at an angle of 450 to the axis of the chair it was found possible to produce disturbances of projection which were resultants of the two directions of spatial perception affected.
Pathological excitatory conditions of the labyrinth also are accompanied by disturbances in our perception of surrounding spatial relations. A patient suffering from persistent vertigo manifesting itself as a subjective rotation to the right, in consequence of irritation of the vestibule from suppurative otitis media, showed a pronounced tendency to project over to the right side. In a series of six other cases suffering from persistent vertigo in consequence of middle-ear disease three cases showed lateral displacement of projection. In these three cases there was definite subjective rotation towards the side to which projection was displaced. In the three other cases there was no definite sense of rotation, but a generalized giddiness with tendency to fall over to the side of the lesion. No case of middle-ear disease with vertical displacement of projection has been met with, and it would appear that such cases are likely to be rare, inasmuch as it is the external horizontal semicircular canal that is, as a rule, affected when inflammation begins to spread from the middle ear.
Since the cerebellum represents the primary centre for impulses passing from the vestibule, it might be expected that irritative lesions of the cerebellum would give rise to disturbances of spatial perception. In cases of cerebellar or extracerebellar tumours attacks of acute vertigo may be considered to be due to irritation from the presence of the tumour. Four such cases were investigated during the attack of vertigo. Two cases of extracerebellar tumour in which the diagnosis was verified afterwards by operation suffered from attacks of subjective rotation of self towards the side of the lesion. In both these cases an examination made during the attack showed that there was an error of projection in the direction of the side of the lesion. In one case the error was purely on the horizontal plane. In the other it was slightly upwards and to the right, and in this case the patient said that he not only felt as if he were turning to the right, but also that he was falling backwards. In a case of tumour of the vermis verified post mortem the patient was subject to attacks of vertigo during which he felt -as if he were being propelled upwards by the ground on which he stood, and objectively a tendency to fall backwards was manifested. Examined during an attack, there was an upward error of projection whilst the relations of projection in the horizontal plane were undisturbed. The fourth case was that of a glioma invading the right lateral cerebellar lobe. This case was also verified post mortem. He was liable to attacks of vertigo with a subjective sensation of rotation away from the side of the lesion; and during the attacks projection was also dislocated away from the side of the lesion, but was undisturbed in the vertical plane.
It might seem probable that similar disturbances of spatial percepat SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from tion would be met with in cases exhibiting cerebral lesions when the areas of cerebral representation of the vestibular sensations were subjected to irritation; but though the fact that we are conscious of the vertigo produced by stimulation of the semicircular canals implies some form of cerebral representation, no evidence of a true subjective vertigo has, as far as I am aware, been gathered from the clinical study of cerebral lesions. The sensations of giddiness of which cases suffering from frontal lesions so frequently complain are more in the nature of a vague sensation of disturbance of equilibrium rather than the positive dislocation of the spatial perception in any one direction which we call vertigo. A large number of epileptic fits begin with a perfectly definite horizontal or vertical vertigo in a direction which is always constant for the same patient, but I have had no opportunity of making observations on the disturbances of projection during such epileptic aurae.
Turning now to the cases presenting disturbances of spatial perception due to absence of normal vestibular impulses, I have had the opportunity, through the kindness of Mr. Macleod Yearsley, of examining an exceptionally interesting case in which the patient was deprived of both vestibules during middle life. The patient was a clergyman who had suffered fromn bilateral suppurative otitis media for years. The internal ear on one side had undergone complete necrotic destruction, and then the patient began to suffer from such intolerable vertigo that Mr. Yearsley decided on extirpation of the remaining labyrinth. The operation was completely successful, and for two years before I had an opportunity of observing him the patient had been free from all symptoms of vertigo. As long as the patient was able to guide himself by sight there was nothing abnormal in his gait. But as soon as the eyes were closed the patient became extremely unsteady, and eventually collapsed on the floor. He had already noted for himself that he was quite helpless in the dark, and on the one or two occasions when he had incautiously got out of bed in the dark he had remained collapsed on the floor unable to move till morning. He described his sensations in the dark or with his eyes shut as a feeling of utter bewilderment; he could form no idea of his position or the nature of the efforts that he must make to remedy it. Nor when he had made any effort to sit up was he able to judge of the effect of his movement by any recognition of his altered position in space. He was, however, inclined to think that latterly he had grown a little less helpless in the dark, so that it would appear as if the muscular sense were becoming more educated to come to the rescue of the organism deprived of its vestibular sensations. The patient was then tested in order to determine whether the muscular sense was in any way affected. The precision of his co-ordinated movements appeared rather above the average, and there could be no question of any loss of miqscular sense. The muscles on either side possessed good tonus, and all movements were executed with the degree of strength that might be expected from an active man. Projection was carried out with an accuracy that was only a little below normal when the patient was tested with the screen; in other words, he was able here to supply his deficient vestibular perception of space by his muscular sense. When, however, the patient whilst projecting with his eyes shut had unwittingly moved his head it was found that the projection, though still ftee from gross errors, became markedly less accurate. Asked to draw a cross on a piece of paper presented to him with his eyes shut, he was able to do so with some fair degree of accuracy, but when asked to perform the more complicated feat of drawing four lines intersecting one another at the same spot as in the national flag his production was distinctly less good than that of normal people. I am in some doubt as to how such an abnormality should be interpreted. It would appear that it might be that muscular sense and joint sensations are in themselves insufficient to guide the performance of the more complicated movement. Further evidence is, however, needed on this point. Placed in the rotating chair, no vertigo or nystagmus could be elicited after rotation, and of course there was no disturbance of projection. The patient was unable to give any idea of the angles through which he had been rotated when precautions were taken to prevent his being guided by light falling through the eyelids, or sound.
Turning to the cases in which the vestibular deficiency is congenital, one is at once struck by the degree with which such loss can be covered by joint and muscle sense when the aid of vision has been eliminated.
The relation of deaf-mutism to absence of vestibular function has been investigated by many observers. James1 was the first to record any observations on this subject, and he found that giddiness was unknown in 55 per cent. of his cases of deaf-mutism. Kreidl2 also found I James, "Sense of Dizziness in Deaf-mutes," Amer. Journ. of Otol., Bost., 1882, iv, pp. 239-54. that 50 per cent. of deaf-mutes have no sensation of giddiness on rotation. These figures agree fairly well with the observations of Mygind, who examined post wmLortein 118 cases, and found pathological changes in the vestibules of 50 per cent. Through the kindness of Mr. Macleod Yearsley I was able to investigate the effect of rotation on the spatial perception of a number of deaf-mute children. Fourteen cases were examined, and in four of these there was a complete absence of vertigo after prolonged rotation. Nystagmus was also absent. In all these four cases projection was performed with fair accuracy before rotation, and was undisturbed afterwards. All four showed some slight unsteadiness when attempting to stand on one foot with the eyes shut, and on being ordered to march straight ahead for a distance of 20 yards with the eyes shut they showed a much more marked tendency to deviate from the straight line than a normal person. The deviation took place sometimes to the right and sometimes to the left when proper precautions were observed to prevent their being influenced by external sounds or strong lights piercing the eyelida. It would appear that in these cases muscular and joint sense had succeeded in making up to a great extent for congenital vestibular defect, but not entirely so. Among the other ten deaf-mutes who showed signs of possessing vestibular function, vertigo was particularly hard to elicit by rotation in three cases, and projection after prolonged and rapid rotation was only slightly disturbed. In the remaining cases the spatial perception appeared to be normal. I have unfortunately not been able to obtain undoubted cases of unilateral vestibular destruction for these investigations.
The elucidation Qf the disturbances of spatial perception due to destructive cerebellar lesions is more complicated. In excitatory phases the subjective vertigo is from the side of the lesion in intracerebellar tumours, and to the side of the lesion in extracerebellar tumours involving the vestibular nerve. This, as Holmes and-Stewart' suggest, may be due to each vestibule having a crossed connexion with the contralateral half of the cerebellum. In cases of intracerebellar tumour when irritative phenomena are absent, there is of course no vertigo, but there is a constant tendency for the patient to deviate over to the side of the lesion. This tendency to deviate toward the lesion would appear to be of the nature of a negative phenomenon. The patient, if questioned, will tell one that he feels impelled to go over to the side of ' Stewart and Holmes, "The Symptomatology of Cerebellar Lesions," Brain, 1904, xxvii, pp. 552-91. the lesion because he feels as if space were slipping away from him on that side. As one patient told me, " I feel pushed over to the side (of the lesion) because everything seems to have got displaced, and if I don't lean over to that side I should lose my grip of things there." The consciousness of this tendency may make a patient try to correct it by deviating over to the opposite side.
Two cases, one having a gumma in the left lateral cerebellar lobe and the other a glioma, both showed the tendency to deviate to the side of lesion and projected slightly to the side of the lesion when tested with the screen. It would seem possible that sensory impressions from either side are localized in the contralateral cerebellar lobe and that the vertical spatial vestibular sensation is localized to the mesial aspect of the cerebellum in the light of the case of irritative lesion of the vermis mentioned above. In one case in wbich there was reason to think that the cerebellar cortex had been practically conmpletely destroyed in the removal of a large tumour, the extreme ataxy made any observation of doubtful value, but the patient certainly manifested the same inability to stand with the eyes shut as did the case with bilateral loss of the vestibule. Unfortunately, when I saw this patient sonme years ago it did not occur to me to further investigate her spatial perception.
The alteration of space perception caused by destructive lesions of the cerebral hemispheres has been determined with any degree of clearness in only one case. This was an elderly man, who recovered from an attack of right hemiplegia of probably thrombotic origin with visual aphasia and right N.-mianopsia. The hemiplegia coinpletely cleared up, but some degree of visual aphasia persisted, together with hemianopsia. The patient experienced the greatest difficulty in finding his way, frequently losing himself when sent from the ward into the yard. At the same time he was able to describe objects that had been shown to him, and the general aspect of the buildings in the hospital, yard, and passages, with a fair degree of accuracy, and it did not seem to be possible to adopt the obvious explanation that his lack of sense of direction was due to loss of visual memory. Tested with projection on the screen, he showed considerable mental confusion. The spots localized by him were at first fairly accurate, but after a second or third trial without opening his eyes in the interval the localizations made were very wild and he seemed to have to a great extent lost his bearings. Placed on the rotating stool and moved through various angles, he could only give the vaguest guesses as to their aperture, though he never mistook the direction in which he had been moved. Rotation in either direction produced a perfectly normal after-effect with dislocation of projection.
Another case of right hemianopsia without aphasia showed no disturbance of his spatial perception. No disturbance in three cases of right and left hemiplegia without hemianopsia was noted.
A weakness in the apperception of changes of direction is not an uncommon phenomenon in perfectly normal people. There is no reason to apprehend that their visual memory is defective and they are apparently normal in their judgment of angles through which they have been rotated, but they easily become confused as to the direction they have taken and lose themselves with a facility which seems incredible to the average person. They are easily confused with maps and can only orientate themselves with them by turning the map so as to represent themselves standing opposite to the upper border of it, in other words, by using muscular sense rather than the sense of direction. Such types, which are well known to those who have to train men in map-reading in military colleges, would appear to belong to a class in which a slowly atrophying sense has undergone more rapid degeneration than usual.
The series of observations on cases presenting excitation and absence of function of the vestibule seem to afford evidence of the existence of a special function for the perception of space. The utility of this function to the human being seems to be of doubtful value, inasmuch as it admits of replacement to a great extent by the tactile, afferent, muscular and visual systems. It is probably of great importance in blind animals, where we find a much greater development of the vestibular system, and in animals such as dogs, which use sight comparatively little, knowledge of spatial relations would be mainly acquired by the vestibular system. It is from the point of view of the psychologist that the vestibular perception of space should offer a welcome aid in dealing with the subject of space perception. Cyont perceived and was the first to draw attention to the importance of the semicircular canal as an organ for the perception of space, and with great boldness he argued that the vestibule represented not only an organ for the perception of space, but represented the physical site of the metaphysical concept of space. His arguments were, however, I See article "Espace" by Cyon in Richet's "Dictionnaire de Physiologie," Par., 1902, v, pp. 562-74, for a resume of his views and bibliography. founded on the very insecure basis of his observations on the dancing mouse, and subsequent work on the labyrinth of these animals makes his claim for the discovery of an unidimensional organism improbable. He misapprehended, too, the function of the vestibule as an organ for transmitting sensory impressions of head movements, owing to his reliance on the observation of forced movements produced by rotating animals as a criterion of vestibular activity. We are not here concerned with the question as to whether knowledge of space is a priori in the epistemological sense, but merely from the point of view of the psychologist, it is impossible to account for the power of the mind to spatially order the perceptiops that it receives from its visual tactile and muscular senses, since by no process of thought can we be conceived to attain the space element in our perceptions from a combination of sensations varying only in intensity and quantity.
The problem, however, becomes altered if we conceive of all sensations being projected on a continuous stream of sensation operating from the three dimensions of space and qualifying every sensation by variations in intensity and quality of its three dimensional attributes. That there is such a continuous stream is suggested by the observations that have been above detailed on the effects of deprivation of vestibular activity, or of its cerebellar, and possibly of its cortical receptors, together with the disarrangement of our spatial perceptions that appears to take place from irritative processes affecting these vestibular inmpulses. It might be argued that if this were so, the congenital deaf-mute would have a very different perception of space to our own. The answer to this is that, for all we know, the deaf-mute with an absence of vestibular impulses may have a very different perception of space to the normal person. As Dr. Ward has pointed out with reference to another argument, it is a frequent error of philosophers to confuse the concrete spatial experiences constituting actual localization for the individual and the abstract concept of space generalized from what is found to be common in such experiences. The difference in behaviour between a man and a dog as regards perception of space would be inappreciable, though it may reasonably be doubted whether all sensations present to the dog the spatial attributes that they undoubtedly do to a man. To investigate this problem it would be necessary to find an adult deafmute with complete loss of vestibular sensation, with an intelligence of high order. So far, the only two intellectually promising cases of deafmutism that I have had occasion to examine have both preserved at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from vestibular sensation. To Cyon belongs the credit of having first definitely stated the possible function of the vestibule in the perception of space, and this paper is an attempt to put some of his speculations based on animal intelligence on the only firm basis for suoh an inquirythat of observation of the human subject.
DISCUSSION.
Dr. WILFRED HARRIS said he had heard one interesting fact which bore on what Dr. Golla said about deaf-mutes and vertigo-namely, that it was almost impossible to make deaf-mutes seasick. He understood there was a conference of deaf-mutes on the Continent about two years ago-he did not quite know how they conferred-and that a number of deaf-mutes were sent from America to that conference; though there were thirty of them and rough weather was experienced, they were the only people on board who did not suffer from seasickness.
Sir DAVID FERRIER, F.R.S., said he had listened with great interest to Dr. Golla's contribution, which he did not feel competent to discuss on a first hearing; it needed careful study. He would like to ask only one questionviz., whether the author considered it to be thoroughly well established that the vestibular impressions reached. the centres of conscious sensation. This, he thought, bad a very important bearing on the question of the perception of space.
Mr. MACLEOD YEARSLEY, referring to the question of becoming lost in the dark in a patienit in whom both vestibules had been destroyed, one by operation and the other by disease, said that in the present week's Lancet' he was publishing a case in which he destroyed the vestibular apparatus on account of incurable vertigo in a woman in whom the other vestibule was normal. He had not seen the case for more than a year, and the operation was done on May 28, 1910. But, in view of the results in an earlier case referred to, he wrote to ask whether she had any difficulty in finding her way in the dark. The answer was interesting, for she said she experienced a very unpleasant sensation when in the dark; she seemed to lose control of herself and was afraid to venture further. She could not imagine a clear space in front of her, although she might feel certain the way was clear. One vestibule in her case was complete, the other had had the vestibule, with the ampullae of the semicircular canals, curetted and swabbed with a solution of formalin, an operation which completely cured her vertigo. As she would be coming to town some time during this year, he proposed to give Dr. Golla an opportunity of examining her.
Dr. GOLLA, in reply, said vertigo in itself might be regarded as a conscious sensation from the labyrinth, but he admitted that in vertigo there was consciousness of a displacement of the ordinary balance between the vestibular sensation and the muscular sense. It was when there was a discrepancy between the two sensations that one became conscious of something being wrong in the position of the head. He did not think that during normal life the function under consideration entered into consciousness, but it might be likened to the visual sensations which we were not conscious of possessing until they became disordered and produced discomfort. When there was a destructive lesion of the vestibule the person behaved in a different way; he was unbalanced and his sensations were different from what they would be were both vestibules acting. He believed that the constant inflow of vestibular sensation gave a spatial tone to all other sensations.
